STRUCTURE AND METHOD FOR MANUFACTURING 
A SEMICONDUCTOR OPTICAL WAVEGUIDE 



BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a structure 
and a method for manufacturing a semiconductor 
optical waveguide and, more particularly, to 
fabrication of an improved optical waveguide for 
achieving a high coupling efficiency with an optical 
fiber by forming a circular and narrow optical beam 
in a semiconductor laser or a photodetector . 

(b) Description of the Related Art 

The mode field of an optical signal from a 
semiconductor laser device, for example, should be 
adjusted to the mode field of an optical fiber to be 
coupled for obtaining a high coupling efficiency as 
much as possible. A mode field converter (MFC) is 
generally installed for this purpose in the 
semiconductor laser device. 

Fig. 1 is a cross- sectional view of a 
conventional product of a semiconductor laser device 
having a MFC, and Figs. 2A and 2B are cross -sectional 
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views thereof taken along lines A-A' andB-B' in Fig. 
1. Figs 3, 4A, 4B, 5A and 5B show the semiconductor 
laser device of Fig. 1 in consecutive steps of 
fabrication process therefor, wherein Fig. 3 showing 
5 a first step thereof corresponds to Fig. 1, Figs 4 A 
and 4B showing a second step correspond to Figs 2 A 
and 2B, respectively, and Figs 5A and 5B showing a 
third step correspond to Figs 2Aand2B, respectively. 
The structure and the fabrication process for the 
10 conventional semiconductor laser will be described 
with reference to these drawings. 



a MFC section is fabricated by an epitaxial growth 
process using a low-pressure MOCVD (metal -organic 

15 chemical vapor deposition) method from the viewpoint 
of process simplification. In the fabrication 
process, first, a Si0 2 film is deposited on a n-type 
InP substrate (n-InP substrate) 101 by using a 
plasma -enhanced CVD technique. The Si0 2 film is then 

20 selectively etched by a photolithography and a wet 
etching technique using a BHF (buffered 
hydrofluoric) solution to obtain a plurality of 
stripe Si0 2 patterns 120 shown in Fig. 3. Each of 
the stripe patterns 120 has a rectangular shape which 

25 is 800-|um long (L) and 60-pm wide (W) f and each two 



In general, a semiconductor laser device having 
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of the stripe patterns 120 form a stripe pair with 
the distance (d) therebetween being, for example, 10 
um. The stripe pairs are arranged in a matrix, with 
a gap (Dl) of 300 |um in the column direction and a 
5 pitch (D2) of 250 jmn in the row direction. Each of 
the stripe pairs and the area adjacent thereto in the 
column direction is formed as a semiconductor laser 
device, and accordingly, Fig. 3 shows an area for a 
plurality of semiconductor laser devices formed in 
10 a single process. 

After the stripe Si0 2 patterns 120 are formed 
on the substrate 101, as shown in Fig. 4A, an n-InP 
cladding layer 102, an InGaAsP/InGaAsP quantum well 
active layer 103 and a p-InP cladding layer 104 are 
15 consecutively grown on the exposed surface of the 
n-InP substrate 101 not covered by the stripe Si0 2 
patterns 120. In this epitaxial step, thick 
epitaxial layers 102 to 104 are formed in the belt 
area 124 (Fig. 3) disposed between each stripe pair, 
20 as shown in Fig. 4A, whereas thin epitaxial layers 
102 to 104 re formed in the other area, as shown in 
Fig. 4B. 

After the stripe Si0 2 patterns 120 are removed 
by a BHF solution, a second Si0 2 film is deposited 
25 on the entire surface by a plasma -enhanced CVD 
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technique. Thereafter, the second Si0 2 film is 
patterned using a photolithography and a wet etching 
technique to leave a belt Si0 2 film 121 on each 
4.0-jam-wide belt zone defined by the belt areas 124 
5 arranged in a column direction and the spaces between 
the adjacent belt areas 124 arranged in the column 
direction. A wet etching is then performed using the 
belt Si0 2 film 121 as a mask and bromomethanol as an 
etchant to selectively remove the n-InP cladding 
10 layer 102, the quantum well active layer 103 andp-InP 
cladding layer 104, as a result of which 1.5-]im-wide 
mesa stripe 123 is left below the 4.0 -Mm- wide belt 
Si0 2 film 121, as shown in Figs. 5A and 5B. 



15 layer 105 and n-InP layer 106 are laminated on the 
side surface of the mesa stripe 123, thereby 
embedding the mesa stripe 123 by using a MOCVD method 
as shown in Figs. 2A and 2B. Thereafter, the belt 
Si0 2 film 121 is removed using a BHF solution, 

20 followed by a MOCVD process to form consecutively a 
p-InP cladding layer 107 and a p-InGaAs contact layer 
108 . Next, thep-InGaAs contact layer 108 in the upper 
part of a MFC section Bl is selectively removed by 
a photolithography and a wet etching technique using 

25 a tartaric acid based etchant, the MFC section Bl 



Subsequently, blocking layers including p-InP 




being shown in Fig, 2B. 

Then, a third Si0 2 film 122 is deposited by a 
plasma -enhanced CVD process, and patterned to have 
an opening for an electric contact to be used for 
injection of carries in a laser section Al as shown 
in Fig. 2A. Thereafter, the n-InP substrate 101 is 
polished at the bottom surface thereof to reduce the 
thickness thereof down to about 100 jum, followed by 
formation of p-side electrode 109 and n-side 
electrode 110 on the top surface and the bottom 
surface, respectively, of the resultant wafer, to 
obtain the structure shown in Figs. 1, 2A and 2B. 

In the conventional semiconductor laser device 
as described above, the cladding layer 102 and the 
laser active layer 103 have smaller thicknesses in 
the laser section Al than in the MFC section Bl. By 
this configuration, a narrow and excellent optical 
beam can be obtained from the MFC section Bl because 
of the smaller optical confinement area of the MFC 
section Bl. In this case, because the MFC section 
Bl is transparent for laser light, the optical loss 
is small in the optical transmission. 

. For the conventional semiconductor laser 
device having a MFC section as described above, a 
complicated process is required to form the optical 

Q 
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waveguide therein. In addition, since the waveguide 
does not have a current confinement function in the 
direction of the resonator of the laser device, there 
arise a problem in that the carriers supplied to the 
5 laser section leak to the MFC section to raise the 
threshold current for the lasing of the laser device . 

In the case of the above described 
semiconductor laser device, the n-InP substrate used 
therein requests a p-InP epitaxial layer as the top 
10 layer for the layer structure, wherein the carrier 
leakage is effected by holes (not by electrons) , 
e which fact reduces the carrier leakage compared to 

m the case wherein a p-type substrate is used and 
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thereby the carrier leakage is effected by electrons . 
15 If a p-type substrate is used instead in the above 
laser device, the carrier leakage effected by 
electrons raises a larger problem. 



SUMMARY OF THE INVENTION 

20 It is therefore an object of the present 

invention to provide a method for manufacturing an 
optical waveguide which has a high coupling 
efficiency with an optical fiber, and which is 
capable simplifying the fabrication process of the 

25 semiconductor optical device. 

7 
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It is another object of the present invention 
to provide a semiconductor optical device having a 
spot size converter instead of the conventional MFC 
converter and less susceptible to the carrier leakage 
5 problem. 

The present invention provides a method for 
manufacturing a semiconductor optical waveguide 
pi comprising the steps of forming a first semiconductor 
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m layer overlying a semiconductor substrate, the first 



m 10 semiconductor layer having an aluminum concentration 
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which increases from a central part, as viewed in the 
thickness direction of the first semiconductor layer, 
toward both surfaces of the first semiconductor layer, 
and selectively oxidizing the first semiconductor 
15 layer to obtain a non- oxidized region constituting 
an optical waveguide and an oxidized region 
surrounding the non- oxidized region. 

The present invention also provides , in another 
aspect thereof, a semiconductor laser device 
20 comprising a optical waveguide manufactured by the 
method as described above, wherein the first 
semiconductor layer contains one or more materials 
selected from the group consisting of Al x In 1 . x As, 
AlxIn^P, A^Ga^P, (A^Ga^) yln^yP, and (Al x Gal- 
25 xJyln^yAs, given x and y being between 0 and 1. 
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In accordance with the method according to the 
present invention, the profile of the Al content in 
the first semiconductor layer provides an excellent 
optical waveguide by selectively oxidizing the first 
semiconductor layer. As a result, the waveguide can 
be fabricated by a simpler process. 

In addition, the waveguide thus formed has a 
controlled width thereof to thereby obtain a high 
coupling efficiency in the optical coupling with an 
optical fiber. Further, in the semiconductor optical 
device having the waveguide thus formed, leakage 
current from a semiconductor optical element to the 
optical waveguide is reduced by the dielectric 
property of the oxidized region of the first 
semiconductor layer surrounding the non- oxidized 
region. 

The above and other objects, features and 
advantages of the present invention will be more 
apparent from the following description, referring 
to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross -sectional view of a 
conventional semiconductor laser device having a 
MFC; 



Figs. 2A and 2B are cross -sectional views of 
the semiconductor laser device of Fig. 1 taken along 
lines A-A' and B-B', respectively, in Fig. 1; 

Fig. 3 is a top plan view of the semiconductor 
laser device of Fig, 1 in the first step of fabrication 
process therefor; 

Figs. 4A and 4B are cross- sectional views 
similar Figs. 2A and 2B in the second step of the 
fabrication process following the first step; 

Figs. 5A and 5B are cross- sectional views 
similar to Figs . 4A and 4B in the third step following 
the second step; 

Figs. 6A and 6B are cross- sectional views of 
a semiconductor optical waveguide in consecutive 
steps of a fabrication process therefor according to 
a first embodiment the present invention; 

Figs. 7A and 7B are profiles of the Al content 
and refractive index, respectively, in the core layer 
shown in Figs. 6B; 

Fig. 8 is a perspective view of a semiconductor 
optical waveguide according to a second embodiment 
of the present invention; 

Figs. 9A, 9B and 9C are cross- sectional views 
of a semiconductor optical device in consecutive 
steps of fabrication process according to a third 




embodiment of the present invention; 

Figs. 10A and 10B are cross -sectional views of 
a semiconductor optical device in consecutive steps 
of a fabrication process according to a fourth 
embodiment of the present invention; 

Figs. 11A and 11B are cross -sectional views of 
a semiconductor optical device in consecutive steps 
of a fabrication process according to a fifth 
embodiment of the present invention; 

Figs. 12A and 12B are cross -sectional views of 
the semiconductor optical device of Fig. 11B taken 
along lines A- A' andB-B', respectively, in Fig. 11B; 

Fig. 12C is a top plan view of the stripe ridge 
and the tapered ridge in the semiconductor optical 
device of Figs. 11A and 11B; 

Figs. 13A, 13B and 13C are cross -sectional 
views of the semiconductor optical device of Figs. 
11A and lib at the step after oxidation of the core 
layer, taken along lines A-A' , B-B' and C-C in Fig. 
12B; 

Figs. 14A and 14B are cross -sectional views of 
a semiconductor optical device in consecutive steps 
of a fabrication process according to a sixth 
embodiment of the present invention; and 

Figs. 15A and 15B are perspective views of 
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portions of the semiconductor optical device of Figs . 
14A and 14B in consecutive steps of the fabrication 
process; and 

Fig. 15C is a cross -sectional view of the 
5 semiconductor optical device of Figs. 14A and 14B 
after the fabrication process. 



Q PREFERRED EMBODIMENTS OF THE INVENTION 

33 Now, the present invention is more specifically 
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10 described with reference to accompanying drawings . 
In this text, all numerals for specifying a width, 
thickness, temperature or time length are all 
ijfj approximate values if not specifically recited as 

such. In addition, Al and B2 represent a 
15 semiconductor laser section and a spot beam converter 
section, respectively, in a semiconductor optical 
device. Further, Al content as used herein is 
referred to as a ratio of an Al content to a sum of 
Al content and the content of other III group elements , 
20 such as Ga. 

Referring to Figs. 6A and 6B showing a laser 
section Al and a spot beam converter section B2, 
respectively, of a semiconductor optical device 
according to a first embodiment of the present 
25 invention, fabrication process for a semiconductor 



laser waveguide in the semiconductor optical device 
will be described hereinafter. 

A 1. 0-pm- thick Al 0 3 Ga 0 7 As cladding layer 12, a 
2. thick Al(Ga)As core layer 13 having an Al 
content which monotonically increases from the 
central part thereof, as viewed in the direction of 
the thickness, toward both the surfaces (or 
peripheral parts) of the core layer 13, a 1.0-pm- 
thick Al 0 3 Ga 0 tAs cladding layer 14 and a 0. 2 -m- thick 
GaAs gap layer 15 are consecutively grown on a GaAs 
substrate 11 by an MBE (molecular beam epitaxy) 
technique . It is preferred that the Al(Ga)As core 
layer 13 have a composition of A^Ga^^s (0.5^x^ 
0 . 97) at the central part thereof and the composition 
of AlAs at both the surfaces thereof. 

The oxidation rate of the A^Ga^^As is 
determined by the Al content thereof: if the core 
layer 13 has an Al content of 97% (where x=0.97) , for 
example, then the oxidation rate assumes 1/10 of the 
oxidation rate of AlAs. In the later oxidation step 
for the core layer 13 to control the width of the 
waveguide, an excellent width control can be obtained 
by employing the configuration wherein the Al content 
is below or equal to 97% at the central part of the 
core layer and 100% at both the surfaces thereof . Fig . 
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7A shows an example of the Al(Ga)As profile in the 
core layer 13, wherein x»0.97 at the central part and 
substantially x»1.0 at both the surfaces. 

The profiles of Al 0 97 Ga 0 03 As at the central part 
5 and AlAs at both the surfaces can be obtained by using 
a MBE technique, for example. In the MBE technique, 
the Al cell temperature is changed continuously to 
provide a continuous change of the Al content in the 
core layer 13, which is often used in the current 

10 technique during the MBE. The Al content is 
preferably controlled continuously in the direction 
of the thickness, although it may be controlled 
stepwise. If a continuous control is difficult to 
achieve, as in the case of using a MOCVD technique, 

15 or if a material other than Al(Ga)As is used for the 
core layer, the Al content may be changed stepwise, 
which can also provide similar advantages. 

Subsequently, the GaAs cap layer 15, Al 0 3 Ga 0 7 As 
cladding layer 14, Al(Ga)As core layer 13 and 

20 Al 0 3 Ga 0 7 As cladding layer 12 are selectively removed 
by a photolithography and a wet etching technique, 
thereby obtaining a stripe ridge of a 5 fjm width. 

Thereafter, the entire wafer is submerged in 
hot pure water maintained at about 90°C bubbled with 

25 nitrogen (N 2 ) gas for a thermal treatment at about 




400°O450°C for 10 minutes. As a result, the Al (Ga) As 
core layer 13 is selectively oxidized to form a 
peripheral, oxidized Al(Ga)As region of the core 
layer and a central, non-oxidized Al (Ga) As region of 
the core layer having a circular cross -section and 
encircled by the oxidized Al(Ga)As region 17. If the 
Al content at the central part is 97%, then the 
oxidation rate thereof is about 0*2 jim/min. , whereas 
AlAs exhibits 2 jjm/min. at each surface area of the 
core layer. The non- oxidized region 17 is used as a 
waveguide and has a substantially circular shape of 
a 1.0 Jim diameter. The temperature 400~450°C and the 
time length for the thermal treatment are changed 
depending on the material used. 

Specifically, the oxidized region of the 
Al (Ga) As core layer 13 decreases its refractive index 
down to 1.6, which is sufficiently lower compared to 
the refractive index of 2.95 in the non-oxidized 
region 17 after the AlAs is converted into Al„O v (Al 
oxide) in the oxidized region 16. Fig. 7B shows the 
profiles of the refractive index in the directions 
normal and parallel to the film surface, plotted 
against the location of the waveguide . These prof iles 
of the refractive index enable the incident/emitted 
light to be guided along the non-oxidized region 17, 



i.e., central waveguide having a high refractive 
index, in a high efficiency. The final step of the 
fabrication process provides a polyimide cover coat 
18 on each side of the stripe ridge, as shown in Fig. 
6B. 

The semiconductor optical waveguide thus 
fabricated has a substantially circular mode field, 
which allows a high coupling efficiency between the 
waveguide and an optical fiber because the difference 
between their mode fields is small. In addition, the 
height (or vertical length) of the optical waveguide 
can be controlled during the epitaxial process, 
whereas the width (or horizontal length) of the 
optical waveguide can be controlled by the Al content 
and the oxidation rate of the core layer, which allows 
a substantially circular optical mode field without 
us ing a re - growth s t ep for growing the op t i ca 1 
confinement layer around the waveguide. Further, the 
optical waveguide may be effective for reducing 
polarization dependency in some cases. 

In the first embodiment as described above, the 
Al(Ga)As core layer 13 is employed. However, the 
material for the core layer 13 may be selected from 
other materials which contain Al and can be 
controlled in the refractive index thereof by 
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oxidation etc. Examples of the materials used for 
this purpose include Al^In^^s, Al x In x _ x P, Al x Ga 1 . x P , 
(hl x G* x _ x ) y In Xmy B , and (A^Gal-xJyln^yAs (O^x^l, 0^ 
y^l) etc and a combination thereof. The epitaxial 
5, process may be effected by a MOCVD technique instead 
of the MBE technique. 

Referring to Fig, 8 showing a semiconductor 
laser device according to a second embodiment of the 
present invention, the optical waveguide in the 

10 device is of a tapered ridge structure which reduces 
the horizontal width thereof as viewed along the 
travelling direction of the incident/emitted light. 
The process for the lamination or oxidation is 
similar to the first embodiment as described above . 

15 In the present embodiment, the optical waveguide is 
obtained by forming a tapered ridge structure of the 
core layer and subsequent oxidation thereof, 
followed by coating of an antiref lection film 20 on 
each side of the tapered ridge for prevention of 

2 0 reflection of incident/emitted light. The anti- 
reflection coat 20 may be made of dielectrics such 
as Si0 2 , SiN x and A1 2 0 3 and has a thickness of, for 
example, A/4 wherein A is the wavelength of the 
incident/emitted light. 

25 In the semiconductor optical waveguide 



ii 



according to the present embodiment, since the 
oxidation rate of the core layer is constant as viewed 
in the travelling direction of the incident/ emitted 
light, the width of the waveguide can be gradually 
narrowed along the travelling direction of the light 
toward the small distal end of the tapered waveguide . 
That is, the distal end of the waveguide has a large 
optical mode field so that the allowance of the 
coupling error is large in the coupling between the 
optical waveguide and an optical fiber. The distal 
end of the tapered ridge may have a sharp edge as shown 
in Fig. 8 or may have a small width edge or round 
(circular) shape as viewed in the vertical direction . 
The advantages obtained by the modification are 
similar to the second embodiment. 

A semiconductor optical device according to a 
third embodiment of the present invention will be 
described with reference to Figs. 9A, 9B and 9C 
showing a waveguide in consecutive steps of the 
fabrication process therefor, wherein similar 
elements are designated by similar reference 
numerals in the drawings. An AlAs etch stop layer 22 
and a GaAs contact layer 21 are consecutively grown 
on a GaAs substrate 11 by using a MBE technique. 
Subsequently, a 1 . 0 -Jim- thick Al 0 3 Ga 0 7 As cladding 
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layer 12, and a 2 .O-jjm- thick Al(Ga)AS core layer 13 
which has an Al content increasing as viewed from the 
central part toward both the surfaces thereof, a 
1 . 0-jum- thick Al 0 3 Ga 0 7 As cladding layer 14 and a 
5 0 .2-(jm- thick cap layer 15 are consecutively grown on 
the GaAs substrate 11 by using a MBE technique. Then, 
a stripe ridge is formed by selective etching, 
followed by a thermal treatment for selectively 
oxidizing the Al(Ga)As core layer 13 to form an 

10 optical waveguide 17 . 

Subsequently, the GaAs layer 15 disposed on the 
top of the stripe ridge is bonded onto an InP substrate 
23 by a direct bonding technique to form a bonded wafer 
shown in Fig. 9B. Thereafter, the GaAs substrate 11 

15 and the AlAs etch stop layer 22 are entirely removed 
by a wet etching technique, as shown in Fig. 9C. 

In accordance with the third embodiment, if a 
material containing Al cannot be grown, as in the case 
of different lattice constants between the substrate 

20 and waveguide to be formed thereabove, a 
semiconductor optical waveguide having excellent 
characteristics and a substantially circular shape 
can be obtained. 



25 configurations wherein doping is not employed in each 



The first to third embodiments have exemplified 




layer for prevention of absorption loss (free - carrier 
absorption) in the waveguide. However, doping may be 
employed in each layer to ease current injection, as 
in the following embodiment. 

Figs. 10A and 10B show a laser section Al and 
a spot beam converter B2, similarly to Figs. 6A and 
6B, respectively, a semiconductor optical device 
according to a fourth embodiment of the present 
invention. 

A 1. 0-jum- thick n-Al 0 3 Ga 0 7 As layer 32, a 0.5- 
pm- thick undoped Al(Ga)As layer 33 having an Al 
content which increases as viewed from the central 
part toward both the surfaces thereof, a 1 . 0- jam- thick 
p-AlGaAs layer 34 and a 0 . 2 -|jm- thick p-GaAs cap layer 
35 are consecutively grown on an n-GaAs substrate 31 
by a MBE technique. In this step, Si is used as an 
n- type dopant, and Be is used as a p- type dopant . The 
process is similar to that of the first embodiment 
except for the doping. 

The shaping step for obtaining the stripe ridge 
and the thermal oxidation step are effected, 
similarly to the first embodiment, to form an 
oxidized region 36 and a non- oxidized region 37 in 
the Al(Ga)As layer 33, the non-oxidized region 37 
being formed as a waveguide. The n-GaAs substrate 31 




is polished by a chemical -mechanical polishing (CMP) 
process to reduce the thickness thereof down to 100 
ixm, followed by formation of n-side and p-side 
electrodes 39 and 40 to obtain the final structure. 

In the structure of the fourth embodiment, 
similar advantages can be obtained. In addition, the 
present embodiment can be applied to an optical 
switch, a photo -amplifier, an optical modulator 
etc., because of the structure for allowing the 
injection of current. Moreover, the present 
embodiment can be applied to an optical switch, a 
photo-amplifier, an optical modulator etc. of an 
electric field absorption type, by forming a quantum 
well structure in the central part of the waveguide. 

A semiconductor laser device according to a 
fifth embodiment of the present invention, which has 
a spot size converter therein, is described with 
reference to Figs. 11A and 11B showing consecutive 
steps of fabrication therefor, and Figs. 12A and 12B 
showing cross -sections taken along lines A- A' and 
B-B', respectively in Fig. 11B. First, as shown in 
Fig. 11A, a 2 . 0-|Lim- thick n-Al 0 3 Ga 0 7 As cladding layer 
52, a quantum well layer 53 composed of multi InGaAs 
well and multi GaAs barrier, a 2.0-|um-thick p- 
Al 0 3 Ga 0 7 As cladding layer 54 and a 0 . 5 -jum- thick 




contact layer 55 are consecutively grown on an n- 
GaAs substrate 51 by a MOCVD technique. 

subsequently, as shown in Fig. 11B, a plurality 
of 1500 -Jim- long strip Si0 2 film 56 arranged at a pitch 
of 500 |im is formed by a photolithography, followed 
by selective etching, using the Si0 2 films 56 as a 
mask, p-GaAs contact layer 56, p-Al 0 3 Ga 0 7 As cladding 
layer 54, the InGaAs/GaAs quantum well layer 53 and 
n-Al 0 3 Ga 0 7 As cladding layer 52 . Thereafter, by using 
the Si0 2 films 16 as a mask for selective growth, a 
0 . 5-pm- thick AlGaAs cladding layer 57, a 2.0-jLim- 
thick Al(Ga)As core layer 58 having an Al content 
which monotonically increases as viewed from the 
central part toward both the surfaces, a 0.5-pm-thick 
Al 0 3 Ga 0 7 As cladding layer 59 and a 0 . 5 -|Lim- thick GaAs 
contact layer 60 are consecutively grown, to obtain 
the structure shown in Fig. 11B. 

It is preferable that the Al(Ga)As core layer 
68 have a composition of Al x Ga 1 . x As (x^0.97) at the 
central part and a composition of AlAs at both the 
surfaces thereof. For example, the profile is such 
that x-0.97 (Al 97%) at the central part and x=l (Al 
100%) at both the surfaces. By this configuration, 
an oxidation rate ratio of about 1:10 can be 
obtained. 
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The Al content in the Al(Ga)As core layer 58 
as described above can be obtained by continuously 
changing the flow rate of the source gas by using a 
mass flow controller in the MOCVD method. If a MBE 
5 method is employed in place of the MOCVD method, the 
composition of Al(Ga)As can be continuously 
controlled by continuously changing the substrate 
temperature, for instance. However, the selective 
growth method employed in the present embodiment 

10 renders the MOCVD method more suitable. 

The composition of AlGaAs should be changed 
continuously in the core layer in an ideal device; 
however, it is not indispensable. Especially, if the 
composition control in the core layer is difficult 

15 to achieve, as in the case of materials being other 
than AlGaAs, a stepwise control is usually employed 
because of the difficulty. Also in this case, 
similar advantages can be achieved. 



20 portion of the p-Al 0 3 Ga 0 7 As cladding layer 54 grown 
by the first epitaxial growth is removed using a 
photolithography and an etching technique, thereby 
forming a 4-|um-wide mesa stripe ridge 61 extending 
in the direction normal to the stripe Si0 2 film 56, 

25 as shown in Fig. 12 A. Then, GaAs layer 60, AlGaAs 



Then, the p-GaAs contact layer 55 and an upper 




layer 59, AlGaAs core layer 58 and a portion of the 
AlGaAs cladding layer 57 grown by the second 
epitaxial step are selectively removed by a 
photolithography and an etching technique, thereby 
forming a mesa tapered ridge 62 having an optical axis 
aligned with the optical axis of the mesa stripe ridge 
61, as shown in Fig. 12B which is taken along line 
B-B' in Fig. 11B. 

Fig. 12C is a top plan view showing the stripe 
ridge 61 and the tapered ridge 62. The tapered ridge 
62 has a width (W2 ) of about 6 . 0 Jim at the side adj acent 
to the stripe ridge 61, a width (W3) of 3.0 jinn at 
the opposite side, and a total length (L) of 100 Jim. 
The width (Wl) of the laser section 61 is 4 |im, as 
recited before. The size and shape of the tapered 
ridge 62 should be designed for the size and shape 
of the stripe ridge 61 . For example, it is preferable 
that the width (W2) of the tapered ridge 62 adjacent 
to the laser section (or at the receiving facet of 
the tapered ridge 62 is designed equal to or more than 
the width (Wl) of the stripe ridge 61. The distal 
end (or emission end) of the tapered ridge 62 may be 
round or sharp as viewed in the vertical direction. 
The configuration of the core layer, such as ridge 
width, thickness, composition and oxidation time, 




should be designed for obtaining a circular 
cross -section of the waveguide to be formed after the 
oxidation of the core layer. 

Subsequently, the resultant wafer is submerged 
in hot water maintained at about 90°C bubbled with 
nitrogen (N 2 ) gas for a thermal treatment at a 
temperature of 400°O450°C for five minutes. As a 
result, the periphery of the Al(Ga)As core layer 58 
in the tapered ridge 62 is oxidized, to obtain an 
oxidized Al(Ga)As region 63 of the core layer at the 
periphery thereof and a non-oxidized Al (Ga) As the 64 
in the central part of the core layer, as shown in 
Figs. 13A, 13B and 13C which are taken along lines 
A-A', B-B 1 , and C-C, respectively, in Fig. 12C. 

The oxidation rate of the core layer is 2 im/min . 
for the composition of AlAs at each peripheral part 
and 0.2 pm/min. for the composition of Al 0 3 Ga 0 7 As at 
the central part. In the oxidized region, AlAs is 
converted to Al x O y (Al oxide) having a refractive 
index of 1.6 which is reduced from the previous 2.95 
of the AlAs. Accordingly, incident light can be 
confined within the central, non- oxidized region 64, 
which functions as a waveguide having a higher 
refractive index. 

The cross -section of the waveguide is of an 




ellipse having a vertical axis of 1.0 |Lim and a 
horizontal axis of 4.0 pm at the light receiving end 
adjacent to the laser section as shown in Fig. 13 A, 

is of a circle having a radius of 1.0 Jim at the light 
emitting end as shown in Fig. 13C, and is of an ellipse 
having a mean size and shape of those of the light 
receiving end and the light emitting end as shown in 
Fig. 13B. 

As described above, the mode field of the 
waveguide is gradually expanded along the travelling 
direction of light to form a small circle at the light 
emitting end, which raises a coupling efficiency in 
optical coupling with an optical fiber. In this 
manner, the tapered ridge 62 functions as a spot size 
conversion section or converter. The oxidized 
region 63 exhibits a dielectric property which 
suppresses a waste current injection into the spot 
size converter. 

Then, both sides of each ridge are coated by 
polyimide, followed by polishing of the bottom 
surface of the substrate to reduce the thickness of 
the substrate down to 100 ism, and subsequent 
formation of p-side and n-side electrodes on 
respective surfaces of the resultant wafer . The final 
structure is not specifically shown in the figure; 
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however, it will be understood from the structure 
shown in Fig. 10B. 

In the semiconductor laser device having a spot 
size converter according to the present embodiment, 
5 the emitted light has a substantially circular beam 
profile because of the spot size converter being 
formed by the oxidized and non-oxidized Al(Ga)As 
regions of the tapered ridge 62. That is, the laser 

n 

fc J3 device of the present embodiment achieves a circular 

W 10 and narrowed beam profile as in the case of a 

%!) conventional semiconductor laser device having a MFC . 

Q In addition, the laser device of the present 

is 

q embodiment has a function of suppressing a waste 

jnrj 

m current injected in the spot size converter. Further, 

£ i?t 

c i; : 

~*I 15 the undoped layers of the spot size converter is 

transparent to a laser beam, which improves 
transmission efficiency. 

The fifth embodiment is described above with 
reference to a semiconductor laser device lasing at 
20 a 980 nm wavelength, but not limited thereto. The 
etching step for forming the ridge structure may be 
effected by dry- etching, such as RIE and RIBE, as well 
as a wet etching. 

In addition, the fifth embodiment is described 
25 with reference to a laser device having a waveguide 

n 
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formed from an Al(Ga)As core layer, but not limited 
thereto. The core layer may be made of a material 
selected from materials which contain Al and are 
controlled in its refractive index by oxidation. 
5 Examples of the materials used for the core layer 
include Al x In l . x As, Al x In x . x P, Al^a^P, (Al x Ga l . 
x ) yln^yAs , (Al x Ga x . x ) yln^P, Al x Ga 1 . x N # Al 3C In 1 . x N, 
A^Gayln^^yjNtx-O-l^y-O-l) etc, and a combination of 
two or more of them. 

10 A semiconductor laser device having another 

spot size converter according to a sixth embodiment 
of the present invention will be .described with 
reference to Figs. 14A, 14B, 15B and 15B showing the 
fabrication steps thereof. An InGaP etch stop layer 

15 72, an Al 0 3 Ga 0 7 As cladding layer 73 and an Al(Ga)As 
core layer 74 having an Al content which increases 
from the central part thereof, as viewed in the 
direction of thickness, toward the peripheral parts 
thereof, an Al 0 3 Ga 0 7 As cladding layer 75 and a GaAs 

20 contact layer 76 are consecutively grown on a GaAs 
substrate 71 by a MOCVD process , as shown in Fig. 14A. 

Subsequently, the GaAs contact layer 76, 
Al 0 3 Ga 0 7 As cladding layer 75, Al (Ga) As core layer 74, 
Al 0 3 Ga 0 7 As layer 73 and InGaP etch stop layer 72 are 

25 selectively removed by a photolithography and an 




etching technique, thereby forming a mesa tapered 
ridge 77 for obtaining spot size converters, as shown 
in Fig. 15A. In the same drawing, a pair of tapered 
ridges 77 for the spot size converters are shown, with 
the distal ends of both the tapered ridges 77 are 
abutted against each other. The width of the tapered 
ridges 77 are controlled to a suitable value as in 
the case of the previous embodiment. 

The entire wafer is submerged in hot pure water 
maintained at about 90°C bubbled with nitrogen (N 2 ) 
gas for a thermal treatment at 400°C~450°C for a 
minute, thereby selectively oxidizing the Al(Ga)As 
core layer 74 in the tapered ridge 77 to form spot 
size converters which have a predetermined waveguide 
structure. 

An n-InP substrate 81 is separately prepared, as 
shown in Fig. 15B, and an n-InP cladding layer 82, 
GRIN-SCH-MQW (graded- index /separate - confinement - 
heterostructure/multiple- quantum- well) active 
layer 83, a p-InP cladding layer 84, a p-InGaAs 
contact layer 85 are consecutively grown on the n- InP 
substrate 81 by a MOCVD technique. Subsequently, the 
p-InGaAs contact layer 85, p-InP cladding layer 84, 
GRIN-SCH-MQW active layer 83 and n- InP cladding layer 
82 are selectively removed by a photolithography and 
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an etching technique, thereby obtaining a pair of 
semiconductor lasers 86 each of a stripe ridge 
structure and separated from each other by a concave 
area 87 where the semiconductor layers are removed 
as shown in Fig 15B. 

Subsequently, the pair of tapered ridges 77 of 
Fig. 15A is placed in the concave area 87 of Fig. 15B. 
Specifically, the GaAs substrate 71 carrying the pair 
of tapered ridges 77 and the InP substrate 81 carrying 
the stripe ridges 86, which are separately prepared, 
are bonded together by a direct bonding technique 
such that the waveguide of the tapered ridges 77 is 
aligned with the optical axis of the semiconductor 
laser section 86, and such that the GaAs contact layer 
76 is in direct contact with the InP substrate 81. 

During the direct bonding step, the 
semiconductor laser section 86 is first aligned with 
the tapered ridge by using a marker, and then both 
the surfaces of the InP substrate 81 and the GaAs 
substrate 71 are treated by using a HF (hydrofluoric) 
solution. After sticking both the wafers together, 
a thermal treatment is effected thereto for uniting 
both the wafers to obtain a bonded wafer . The thermal 
treatment is performed in an hydrogen ambient so that 
re -oxidation does not occur in the selectively 




oxidized region. 

Thereafter, the GaAs substrate 71 is removed, 
the InP substrate 81 is polished at the bottom surface 
thereof to reduce the thickness thereof down to 100 
|um, and severed at the center of the concave area 87 , 
thereby obtaining a pair of semiconductor laser 
devices each having a spot size converter. One of 
the semiconductor laser devices thus obtained is 
shown in Fig. 15C in cross -section. Thereafter, 
p-side and n- side electrodes are formed on both sides 
of the bonded wafer to finish the semiconductor laser 
device according to the present embodiment having a 
spot size converter. 

The present embodiment is effective to form a 
spot size converter of a tapered ridge when the core 
layer containing Al cannot be grown by an epitaxial 
growth technique, as in the case of different lattice 
constants between the substrate and the overlying 
layers. The process provides a spot size converter 
having an improved transmission to the wavelength of 
a laser beam. 

A modified embodiment can be derived from the 
sixth embodiment wherein the GaAs substrate 71 having 
a spot size converter is bonded onto the InP substrate 
81. In the modified embodiment, a first epitaxial 
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layer structure for a laser element is formed on an 
InP substrate, and selectively removed therefrom. A 
second epitaxial layer structure formed on a GaAs 
substrate is then bonded to the first epitaxial layer 
5 structure by a direct bonding technique, followed by 
removal of the GaAs substrate. Then, a spot size 
converter of a tapered ridge structure is formed. The 
other steps are similar to those of the sixth 
embodiment . 

10 Since the above embodiments are described only 

for examples, the present invention is not limited 
to the above embodiments and various modifications 
or alterations can be easily made therefrom by those 
skilled in the art without departing from the scope 

15 of the present invention. 




